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The function of the domains of Trichoderma reesei endoglucanase I (EGI) has been studied. Truncated EGI proteins were expressed from the 3-end

deleted cDNAs in the yeast Saccharomyces cerevisiae under the control of the ADC! expression cassette. EGI protein was detected by monoclonal

antibody EI-2 and EGI activity as cleared zones around growing colonies on agar plates containing hydroxyethylcellulose (HEC) covalently stained

with Ostazin brilliant red (OBR). The results showed that the Thr—Ser-rich hinge region and the conserved ‘tail’ are not necessary for the efficient
synthesis and secretion of EGI in yeast, but the intact core region is necessary for the enzymatic astivity.
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1. INTRODUCTION

Fungal and bacterial cellulases are composed of a
core domain and a tail domain that contains a Thr-Ser-
or Thr-Pro-rich B-region and a conserved A-region
[1,2]. A distinct function has been suggested for-each of
these domains. The B-region is suggested to function as
a flexible hinge between the two functional domains.
The isolated core domain is able to degrade soluble
cellulose [3]. Isolated tails have affinity for cellulose and
are suggested to bind the enzyme to its substrate [4].

Genes for two cellobiohydrolases, CBH! and CBHII
[5-7] and two endoglucanases, EGI and EGIII [8-10]
have been isolated from 7. reesei. The analysis of the
gene sequence confirms the f -otein domain structure
[11]. The domains of T. reesei CBHI and CBHII [12]
and EGIII [3] and Cellulomonas fimi cellulases [13] can
be separated proteolytically, but there are no reports
concerning T, reesei EGI. Consequently, the function of
the domains of EGI has not been studied directly al-
though conclusions can be drawn from the sequence
homology to other cellulases.

Because 7. reesei produces a mixture of celiulases, the
expression of cloned cDNA in S. cerevisiae provides a
reliable method to study separately the properties of
various. cellulases or partial cellulase. proteins. In this
study series of 3'-end deleted EGI cDNAs were ex-
pressed in yeast and the secretion and the activity of the
truncated EGI proteins were studied,
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2. MATERIALS AND METHODS

2.1. Proteins and antibodies

The purified EGI protein from Trichoderma reesei VTT-D-80133
[14] was a kind gift from Dr Marja-Liisa Niku-Paavola (Technical
Research Centre of Finland, Espoo, Finland). Polyclonal antiserum
KHI1057 against EGI was prepared at the National Public Health
Institute, Helsinki, Finland, by using their standard immunization
procedure. The producuon and characterization of the monoclonal
antibody EI-2 is described in [15].

2.2, Construction of the cellulolytic yeast strains

The standard recombinant DNA techmques described by Manxdtis
et al. [16] were used. The enzymes used in the cloning experiments were
purchased from Boehringer Mannheim or New England Biolabs, £,
coli DHS5 [17] was used as a host for cloning the deleted cDNAs, which
were prepared in vector pIBI76 (International Biotechnologies, Inc.,
New Haven, CT, USA). The deleted cDNAs were prepared as de-
scribed earlier [18] and transferred to the yeast expression vector
PAAHS [19]. Plasmids containing the full length ¢cDNAs for CBHI,
CBHII, EGI and EGIII in pAAHS5 (pALK220, pALK221, pALK222
and pALK223, respectively) and plasinids containing the selected,
deleted cDNAs coding for truncated EGI were transformed [20] into
S. cerevisiae strain Yf135 (MATa, leu2-3,112, his3-11,15). Yeast
strains were grown in minimal medium containing 20 g glucose and
6.7 g yeast nitrogerd base without amino acids (Difco) per liter and
supplemented with amino acids except leucine in liquid culture, 1.5%
agar was added for the solid support.

2.3, Endoglucanase activity assay

Recombinant yeast strains were tested for endoglucanase activity
by growing the cells on the minimal agar plates as described above,
supplemented with 0.5% (w/v) Ostazin brilliant red-hydroxyethyl cel-
lulose (OBR-HEC, Sigma Chemical Co., St. Louis, MO, USA). The
hydrolysis of OBR-HEC was detected as clear zones around the
growing colonies on the red background [21].

2.4, Filter immunodetection

Yeast strains were streaked onto a nitrocellulose filter (Hybond C,
Amersham, UK) covering the agar plate and grown at 30°C for 2-4
days. Filters were lifted from the plates and the cells washed off with
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20 mM Tris-HCI, pH 7.5, 500 mM NaCl. The proteins on the filter
were detected using the antibodies and the Protoblot Immunoblotting
System (Promega, Madison, WI, USA) according to the manufactu.
rer’s instructions.

2.5. Growth and fractionation of yeast cells

The liquid cultures were grown at 30°C with shaking until the
stationary phase was reached. Cells were separated by centrifugation
for 15 min at 4000 x g. The proteins in the culture supernatant were
precipitated with 10% trichloroacetic acid for | h on ice. The precipi-
tate was collected by centrifugation, neutralized with ammonium va-
pour and dissolved in 250 mM sodium phosphate buffer pH 7.5,
containing 50 mM EDTA, 1% (w/v) n-octylglucoside and 1% (v/v)
2-mercaptoethanol. Samples were incubated at 37°C overnight with
one unit of N-glycosidase F (PNGase F, Boehringer, Mannheim Bio-
chemica, Germany). The harvested cells were washed. once, resus-
pended in 1/50 of the original volume of 50 mM Na-citrate buffer, pH
5.0, 1 mM phenylmethylsulphonyl-fluoride (PMSF, Sigma Chemical
Co., St. Louis, MO, USA) and broken in a French pressure cell press
(Aminco, lllinois, USA). The membrane fraction was separated from
the soluble one by centrifugation at 10 000 x g for 15 min.

2.6. Western blotting

Proteins were separated on 10% polyacrylamide-SDS-gels [22] and
transferred electrophoretically onto nitrocellulose membrane (BA 85,
Schleicher and Schuell, Dassel, Germany) using the small scale electro-
phoresis and transfer system (Bio-Rad, Richmond, CA, USA)., The
membranes were immunostained with the monoclonal antibody EI-2,
and developed using the Protoblot Immunoblotting System (Promega,
Madison, WI, USA), ‘

3. RESULTS

3.}, The expression of celluluse cDNAs in yeast

cDNAs for four T. reesei cellulases were expressed in
S. cerevisiae, Their own signal sequences were used to
conduct the secretion of the enzyme. The endoglucanase
producing colonies formed a clear halo on the pink
background. The yeast endogenous glucanases did not
degrade the substrate used (Fig. 1A). Cellobiohydrola-
ses secreted from yeast were not able to degrade HEC,
but they were demonstrated by immunostaining with
the cross-reacting polyclonal antiserum against EGI,
KHI1057 (Fig. 1B).

3.2, The secretion of the truncated proteins

The truncated proteins were expressed from the de-
leted cDNASs (Fig. 2). The deletion d2 lacked half of the
3’-end untranslated region but contained the intact EGI
trarslation stop codon. The deletion d3 coded the full
length protein, but lacked the translation stop codon
and thus was expressed as a fusion protein containing
the last 44 COOH-terminal amino acids of ADCI. Also
d4 and d9 formed similar type of fusion proteins, Dele:
tions d6, d7 and d10 were expressed as fusion proteins
bearing 38 extra amino acids coded by the COOH.
terminal region of the A DCI gene but not in the 4ADC/
reading frame. Deletions d5 and d8 had only two extra
amino acids before reaching the translation stop codon
in the ADC/ cassette, The proteins encoded by the full
length ¢cDNA and all the deletions except d10, were
found in the particulate fraction of yeast cells (Fig. 3C),
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Fig. 1. Cellulolytic yeasts. Yeast strains expressing CBHI, CBHII,

EGI and EGIII enzymes (see section 2) were grown for 4 days on a

nutrient plate containing 0.5% OBR-HEC (A) or on the nitrocellulose

filter covered plate (B). Hydrolysis of the substrate was documented

by photographing the plate (A). The filter. was immunclogically

stained using KHI1057 antiserum . (1/5000) . (B) as described in
section 2,

The soluble fraction contained preoteins encoded by the
full length cDNA and deletions d2, d3 and d4 (Fig. 3B).
In addition to the protein encoded by the intact cDNA,
the proteins encoded by deletions d2, d4 and d8 were
found in the yeast culture medium (Fig. 3A)." A weak
band of proteins encoded by d3, d5, d7 and d9 could
also be detected in the medium, but nothing was detec-
ted from d6 and d10.

3.3. The enzymatic activity of the truncated EGI proteins

The yeast strains containing the deleted EGI cDNAs
were grown on the nutrient agar plate containing OBR.-
HEC as the substrate and indicator for the EGI enzyme
activity (Fig. 4A,B). Deletion 4, which produced a poly-
peptide with the entire core region plus cight amino
acids from the B-region, still made active enzyme, but
deletion 5, producing a polypeptide missing 13 COOH-
terminal amino acids from the core region did not pro-
duce active erizyme. The small hydrolysis halo around
the d3 containing yeast strain was due to the inefficient
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Fig. 2. Series of 3"-end deletions of EGI cDNA. The number of EGI amino acids in each protein encoded by the deleted ¢cDNA is shown, The

potential N-glycosylation sites are shown by heavy dots. The location of the active site is shown by an asterisk. The signal sequence (SS), the

Thr-Ser-rich region (B), and the conserved region (A), are shown. The open box to the left of the BA domain represents the core domain and the
open box to the right denotes the 3'-untranslated region of EGI ¢cDNA.

secretion of the EGI enzyme (Fig. 3A). The type of the
COOH-terminal fusion did not correlate with the effi-
ciency of secretion of the truncated proteins. The secre-
tion of the truncated proteins from the yeast cells was
confirmed by immunostaining the nitrocellulose filter
on which the yeast strains had grown for four days (Fig,
4C). The Mab EI-2 gave clear staining with all strains
except d6 and d10. This is consistent with the Western
blot (Fig. 3), which showed that d6 coded for an immu-
nodetectable protein, which was not secreted. The pro-
tein encoded by d10 probably did not contain'any anti-
genic epitope for Mab EI-2.

4. DISCUSSION

For the rapid screening of microorganisms producing
and secreting endo-1,4-8-glucanase plate assays have
been developed. The substrate polymer has been incor-
porated into the basal growth medium and the produc-
tion of hydrolases is indicated by the clear zones of
dissolved substrate around the colonies, Carboxymet-
hyleellulose (CMC) and hydroxyethylcellulose (HEC),
the substituted polymeric analogs of cellulose are gen-
erally used [23]. In the medium with CMC or B-glucan
the detection of cellulases is accomplished by staining
the residual substrate by Congo red [24]. When soluble
HEC covalently dyed with OBR is mixed to agar nu-
trient media, the formation of pale ¢learing zones of the
dissolved substrate around the growing colonies indica-
tes the production of endoglucanases [21]. The yeast
strains producing individual cellulases from the cloned
cDNAs showed that endoglucanases possess considera-
ble activity against hydroxyethylcellulose but cellobio-
hydrolases did not solubilize this substrate. The obser-
vation that CBHII contains some endoglucanase activ-
ity [25]) was not confirmed in this study, The yeast endo-
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Fig. 3. Western blot analysis of proteins produced by yeast strains
containing deleted EGI cDNA. Immunodetection was done with Mab
El-2, diluted 1:2500. EI, 30 ng of purified EGI; C, yeast strain with
full length ¢cDNA:.V, yeast strain containing pAAHS; d2-d10, yeast
strains containing deleted EG! ¢DNAs: A, culture medium con-
centrated from 4.5 mi and treated with PNGase F: B. cytoplasmic
fraction from the cells, collected from 750 4] of stationary phase yeast
calture; C, membtane fraction from the yeast cells, collected from 125
11 or from 300 ul (d6 and d8) of stationary phase yeast culture,
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Fig. 4. EGI produced from the deleted cDNAs. Yeasts strains containing the full length EGI ¢eDNA, pALK222, the expression vector pAAHS,

and the deleted EGI cDNAs d2-d10 were grown on the plates containing 0.5% OBH-HEC at 30°C for 2 days (A) and for 6 days (B), at which

time the size of the clearing was documented by photography. The proteins secreted from the yeast strains grown on the nitrocellulose filter covered
plate were immunodetected using the Mab EI-2, diluted 1:2500.

genous glucanases did not show any activity against
OBR-HEC. This method has been used in our labora-
tory for screening large number of yeast colonies for the
increased EGI production after mutagenesis [26].

The Thr-Ser-rich domain of Aspergillus awamori glu-
coamylase [ has been shown to function as a raw-starch-
binding site [27]. In the case of yeast extracellular gluco-
amylase, encoded by STAI, mutant proteins without
the Ser-Thr-rich region were not secreted but the hybrid
PF-galactosidase protein carrying the Ser-Thr-rich re-
gion was found transported to the cell envelope [28].
The analysis of the protein products from the intact and
truncated genes coding for bacterial (Bacillus, Clostri-
dium) endoglucanases has shown that the 3’-half of the
gene can be removed and the remaining 5-half still
codes for an active enzyme, which is efficiently secreted
[29-31]. In this work, the truncated EGI proteins lac-
king the Thr-Ser-rich B-region, encoded by d2 to d9,
were found in the cell. membrane fraction but only the
EGI proteins containing the Thr-Ser-rich region or part
of it were found in the soluble fraction of yeast cells.
Because the whole cells were fractionated, the soluble
fraction contained both the cytoplasmic and peri-
plasmic soluble proteins. Proteins encoded by cDNA
deletions dS, d7 and d8 were found secreted into the
culture medium. This suggests. that the secretion of T,
reesei endoglucanase I from 'S, cerevisiae does not in-
volve any specific linear amino acid sequence in addi-
tion to the amino terminal signal sequence, but most
probably results from the favourable folding of protein.
The secretion of the truncated proteins did not either
correlate to the number of the putative N-glycosylation
sites on each truncated protein.

Cellulomonas fimi cellulases show considerable con-
servation of functional domains with 7. reesei cellulases
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[1]. The gene regions coding for the catalytic domains
(‘core’ region) of the exoglucanase (Exg) and the endo-
glucanase (EngA) has been fused and expressed in E.
coli [32]. The active bifunctional fusion protein was ob-
tained; even part of the endoglucanase ‘core’ region
became deleted as a result of the gene fusion method
used. The intact core region of T. reesei EGI has been
shown in this work to be necessary for the eénzymatic
activity. Because the putative active site is located about
200 amino acids away from the hinge region; the loss
of activity after the removal of the 13 COOH-terminal
amino acids of the core region can be due to the impro-
per folding. ,

The 255 amino acids long EGI protein was detected
in the yeast culture medium by using the monoclonal
antibody EI-2. This suggests that part of the EGI can
be used as a convenient marker for a variety of fusion
proteins when studying their secretion pathway in yeast,
On the other hand, the intact core region is essential to
obtain the enzymatically active T. reesei EGI, expressed
in S. cerevisiae.
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